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Abstract 
Purpose: To investigate a new intervention package aimed at increasing expressive word learning by 
school-age children with autism who have limited expressive vocabularies. This pilot investigation was 
intended to show proof of concept. 
Method: Ten children between the ages of 6-10 years with educational diagnoses of autism and limited 
expressive vocabularies at the outset of the study participated. A multimodal intervention composed of 
speech sound practice and AAC was used to teach individualized vocabulary words that were selected 
based on initial speech sound repertoires and principles of phonotactic probability and neighborhood 
density. A multiple-probe design was used to evaluate learning outcomes. 
Results: Five children showed gains in spoken- word learning across successive word sets (High 
Responders). Five children did not meet learning criteria (Low Responders). Comparisons of behaviors 
measured prior to intervention indicated that High Responders had relatively higher skills in receptive 
language, prelinguistic communication, vocal/verbal imitation, adaptive behavior and consonant 
productions. 
Conclusions: The intervention package holds promise for improving spoken word productions for some 
children with autism who have limited expressive vocabularies. Further research is needed to better 
describe who may most benefit from this approach as well as investigate generalized benefits to untaught 
contexts and targets. 
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Despite promising results of intensive early interventions, approximately one third to one half of 
school-age children with autism do not use speech as a primary communication mode (National Research 
Council, 2001). Remaining nonverbal past the age of 5 years has been considered a poor prognostic 
indicator for future language development (Billstedt, Carina Gillberg, & Gillberg, 2007; Picket, Pullara, 
O'Grady, & Gordon, 2009). Although there have been reports of individuals older than 5 acquiring speech 
(e.g., Picket, et. al., 2009), the characteristics of the successful individuals and the interventions employed 
are not fully understood. The present study is a pilot intervention aimed at teaching speech in combination 
with Augmentative or Alternative Communication (AAC) to a group of school-age children with autism 
diagnoses, and to describe characteristics that appeared to be associated with differential outcomes. The 
target population for this intervention is individuals who have very limited or minimal verbal skills-- for 
example, less than 20 words or stereotyped phrases produced in functional contexts (c.f., Kasari, Brady, 
Lord, & Tager-Flusberg, 2013). 
Implications of Preschool Intervention Research for School-Aged Children 
Most intervention studies aimed at teaching beginning speech and language skills to children with 
autism have focused on preschool ages or younger (Goods, Ishijima, Chang, & Kasari, 2013; Rogers et 
al., 2012; Vismara, Comlombi, & Rogers, 2009). The focus on ages 18 months – 5 years is logical given 
that this is the age range during which the need for direct language intervention becomes apparent. In 
addition, intensive interventions are implemented early in hopes of preventing further gaps in language 
development. However, results from early intensive interventions have been mixed. For example, the 
Early Start Denver Model (ESDM) is a comprehensive intervention that targets language skills as well as 
other cognitive and adaptive skills in young children with autism.  In a randomized clinical trial study of 
toddlers with Autism Syndrome Disorders (ASDs), Dawson and colleagues (2010) found that ESDM 
delivered in the home by trained therapists to children between the ages of 18-30 months was 
significantly better than standard care in improving composite developmental scores on the Mullen scales 
of early learning (Mullen, 1995) and adaptive-behavior raw scores measured with the Vineland Adaptive 
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behavior scale-2 (Sparrow, Cicchetti, & Balla, 2005).  However, in a follow-up study that taught parents 
how to provide ESDM to children between 14-20 months with ASD, no significant child learning 
outcomes were reported after 12 weeks of intervention (Rogers et al., 2012). The authors speculated that 
more gains may have been detected if proximal measures directly linked to target behaviors had been 
used, in addition to the standardized test outcomes. In addition, post-hoc analyses found that children who 
didn’t receive the Parent-Implemented ESDM received more services from community providers, which 
may have affected results. 
Other studies have focused more specifically on communication outcomes.  For example, Goods 
and colleagues (2013) demonstrated that a pilot intervention based on Joint Attention Symbolic Play 
Engagement and Regulation (JASPER) (Kasari, Gulsrud, Wong, Kwon, & Locke, 2010) led to gains in 
play skills and communicative gestures in children between the ages of 3-5 with ASD. However, this 
limited intervention (24 sessions) did not show changes in word productions. 
In each of these studies, results were presented in terms of group comparisons, therefore it is 
difficult to determine individual responsiveness to the intervention. Warren et al  (Warren et al., 2011) 
completed a meta-analysis with a wide age range of children with Autism Spectrum Disorders (ASD) and 
concluded that there is a need to better characterize subgroups of children who respond differentially to 
various intervention approaches. This type of characterization is difficult to complete when only group-
level analyses are performed. 
Thus, there is growing evidence for interventions directed to children between the ages of 18 
months and 5 years. However, many of these strategies may not be appropriate for older, school-age 
children who remain nonverbal. Several of the approaches mentioned above rely on parent 
implementation and these approaches may not be feasible when children are attending full-day school 
programs. In addition, some intervention components, such as play, may need to be modified to be age-- 
as well as developmentally-- appropriate. Lastly, school age children who have not yet started talking 
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may need more intensive interventions that target speech deficits while also teaching augmentative means 
of communication. 
The Need for a Multimodal Approach 
Most intervention research for nonverbal children with autism has focused on either AAC (Ganz 
et al., 2012; Mirenda & Bopp, 2003; Schlosser & Wendt, 2008) or speech (Rogers et al., 2006), but not 
both. Brady and colleagues followed the development of 42 children with autism between the ages of 3-6 
and noted that children who remained nonverbal were unlikely to receive speech intervention when they 
reached elementary school (Brady, Thiemann-Bourque, Fleming, & Matthews, 2013). The fact that many 
children with autism remain nonverbal despite considerable efforts to improve communication suggests 
the need for an intensive intervention that combines components into one multimodal intervention 
package. Multimodal refers to the combined use of speech and AAC such as a speech generating device 
during intervention. 
There is good reason that previous efforts have focused primarily on AAC. Speech is likely to 
remain difficult for some children with autism, whereas they may have more immediate communicative 
success with AAC. The main goal for AAC interventions is to improve expressive communication using 
AAC. However, some research studies have reported collateral improvements in speech following AAC. 
For example, collateral gains in speech were reported for some students following intervention with the 
Picture Exchange Communication System (PECS; Bondy & Frost, 1994) (Carr & Felce, 2007; Flippin, 
Reszka, & Watson, 2010). Note that a wide age range of children have participated in the PECS studies. 
For example, the ages of the children in the Carr and Felce (2007) were between 3-7 years.  Kasari and 
colleagues (2014) found that an intervention that added an SGD to a joint attention and play intervention 
resulted in significantly better communication outcomes, including speech outcomes, compared to the 
same intervention without the SGD. Children in the Kasari et al. (2014) study were between the ages of 5-
8 and had minimal expressive verbal skills at the outset of intervention. Results were reported in terms of 
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group differences, however, limiting the ability to determine speech gains by individual children, or skill 
sets that may be associated with relative differences in communication and speech outcomes. 
The PECS studies and the Kasari et al. (2014) study referenced above measured speech outcomes 
but did not specifically target speech as a part of intervention. Studies directly targeting speech in school-
age children with autism and minimal expressive vocabularies are difficult to find. For example, Rogers 
and colleagues directly taught participants speech skills using the PROMPT method (Rogers et al., 2006), 
but children were all below the age of 65 months. One study directly taught speech along with SGD use 
in a multimodal approach to children between the ages of 4-8, but participants had severe speech-sound 
disorders not associated with autism (King, Hengst, & DeThorne, 2013). Similar research is needed to 
investigate potential gains made by combining speech and AAC interventions for children with autism. 
Multimodal approaches such as that used in the King et al. (2013) study have several potential 
advantages over approaches that focus on either AAC or speech alone. A combined multi-modal approach 
is designed to quickly improve communication success through AAC. AAC responses are learned more 
quickly than speech because they are easier to teach through physical prompts. Learning visually based 
responses is (typically) facilitated by presenting a fixed array of choices. In addition, participants obtain 
linguistic input from both AAC and speech models (Binger & Light, 2007; Harris & Reichle, 2004; 
Sevcik, Romski, Watkins, & Deffebach, 1995). In terms of speech gains, instead of waiting for collateral 
gains, some participants may benefit from directly teaching speech sounds that comprise targeted 
vocabulary within a multimodal approach. Speech gains are likely to come more slowly than AAC gains, 
but practicing the motor movements required for speech-sound productions may improve speech learning 
while also reinforcing word learning (Vihman, DePaolis, & Keren-Portnoy, 2014). 
Teaching Contexts 
The current study incorporated teaching contexts and strategies that have been shown to be 
effective in previous research—speech-sound practice using massed trials, joint book reading, interactive 
routines incorporating AAC, and receptive vocabulary trials. Massed-trial practice provides multiple 
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opportunities, or trials, in succession, within a short period of time. This strategy can be particularly 
helpful for initial phases of learning (Heflin & Alberto, 2001). Repeated opportunities to practice and 
receive feedback for articulatory movements have been found to improve productions (Pomaville & 
Kladopoulos, 2013). Scripted communication routines are teaching contexts that provide multiple 
opportunities for communication within motivating activities such as playing a social game, or making 
and eating a snack, or more advanced thematic play routines (Goldstein, Wickstrom, Hoyson, Jamieson, 
& Odom, 1988; Kashinath, Woods, & Goldstein, 2006; Rollins, Wambacq, Dowell, Mathews, & Reese, 
1998). 
 An additional teaching context that has been investigated in recent studies is Joint book reading. 
In joint book reading, an interventionist “reads” from a storybook, providing repeated exposures to 
targeted vocabulary paired with pictures (referents) (Bellon, Ogletree, & Harn, 2000; Fleury, Miramontez, 
Hudson, & Schwartz, 2013). Communication opportunities can be created by pausing during joint book 
reading to allow the child to respond with a specific vocabulary item or re-tell part of the book. Although 
studies have focused primarily on receptive vocabulary gains associated with joint book reading (Bellon 
et al., 2000; Hargrave & Sénéchal, 2000; Whitehurst, Falco, Lonigan, & Fischel, 1988), gains in 
vocabulary production have also been noted (King et al., 2013; Soto & Dukhovny, 2008). 
Target Vocabulary Identification. 
Target vocabulary may be selected based on numerous criteria including frequency of use across 
contexts (Snodgrass, Stoner, & Angell, 2013), reinforcement value (Charlop-Christy, Carpenter, LeBlanc, 
& Kellet, 2002) or developmental appropriateness (Solomon-Rice & Soto, 2014). In the current study we 
took a different approach and selected vocabulary based on principles of phonotactic probability and word 
neighborhood (Storkel, 2001; Storkel, Maekawa, & Hoover, 2010), and in consideration of each child’s 
speech sound repertoire.  According to these principles, words that have higher frequency phonological 
forms (i.e., high probability) that are phonologically similar to many other words (i.e., high density) are 
easier to learn because these characteristics facilitate holding the word in working memory (Gathercole, 
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Frankish, Pickering, & Peaker, 1999; Thomson, Richardson, & Goswami, 2005) as well as retrieving the 
word from long-term memory for production (German & Newman, 2004; Newman & German, 2005). 
Further, in accordance with these principles, children are more likely to learn and use words comprised of 
higher frequency phonological forms that are phonologically similar to many other words (e.g., cat) than 
low frequency forms that are phonologically similar to few other words (e.g., juice). 
Research has also shown that children are more likely to learn new words if they contain 
phonemes that they consistently produce in spontaneous vocalizations (MacRoy-Higgins, Schwartz, 
Shafer, & Marton, 2013; Schwartz, Leonard, Messick, & Chapman, 1987). For example, if a child 
produces sounds /s/ and /d/ but not the sounds /l/ or /k/ during their vocalizations, learning to say /sad/ 
should be easier than learning to say /luck/. As described below under methods, in the current study we 
identified target vocabulary based on children’s existing speech sound repertoires and principles of 
phonotactic probability and neighborhood density. 
Predicting Response to the Intervention 
This study was the first attempt to apply our multimodal intervention for word learning. Based on 
previous research with children with limited expressive vocabularies, we anticipated that not all 
participants would respond favorably (Odom et al., 2007). In addition to piloting procedures and 
determining if children learned to produce new words as a result of the intervention, we wanted to 
identify learner characteristics that may be associated with different outcomes. Numerous variables have 
been identified as predictive of language outcomes including developmental level, play, and level of joint 
attention (Kasari, Paparella, Freeman, & Jahromi, 2008; Rogers et al., 2006; Rogers, Hepburn, 
Stackhouse, & Wehner, 2003; Toth, Munson, N. Meltzoff, & Dawson, 2006); object interest (Sherer & 
Schreibman, 2005; Vivanti, Dissanayake, Zierhut, & Rogers, 2013); and nonverbal IQ (Thurm, Lord, Lee, 
& Newschaffer, 2007). Particularly relevant to the current study is research showing strong associations 
between expressive language and the following variables: imitation, receptive language and early social 
communication (Bopp & Mirenda, 2011; Poon, Watson, Baranek, & Poe, 2012; Rogers et al., 2006; 
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Rogers et al., 2003).  Past studies on predictive relationships have focused more on non-experimental 
studies demonstrating a longitudinal relationship between predictors and language outcomes. However, 
there are clinical implications of these studies, including identifying children who may respond better to 
one type of intervention compared to another. 
Purpose of the Current Study. 
The current study was a pilot investigation aimed at demonstrating proof of concept for a new 
multi-modal intervention that combines AAC and speech sound practice for children with autism and 
minimal expressive vocabularies. Our purposes were (1) to determine if participants showed gains in 
spoken word production, (2) determine if gains were also made in receptive word learning, and (3) 
supposing that some but not all participants would show gains during intervention, compare the profiles 
of children who responded favorably to those who responded less favorably in an effort to identify 
possible predictors of response to this specific multi-modal intervention. As with any pilot study, an 




Ten children with autism participated in a multi-modal intervention aimed at teaching new word 
production, and measuring comprehension of these new words. A single-subject design (multiple-probes 
across-sets-of-vocabulary words) was used to evaluate the success of the intervention package for each 
child.  Target words were selected individually for each child based on the principles of phonotactic 
probability and neighborhood density. Specifically, words with high probability and high density were 
selected for each child. In addition, selected words had to include only sounds that were in the child’s 
phonetic repertoire. Intervention sessions were between 45 min. to an hour each and occurred, on average, 
4 days per week. Although the total length of intervention depended on the number of sessions to reach 
learning criteria, the range of the number of intervention sessions was 17 (for a child who did not learn 
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any words) to 76.  After all 10 participants finished participating in the intervention, we evaluated the 
relative success of individual participants in light of pre-intervention skills in adaptive behavior, receptive 
language, early communication, and imitation. 
Participants 
Ten children, nine of whom were boys, participated. The chronological ages of the children were 
between 7 years 5 months and 11 years 3 months at the time each child began participating in baseline 
sessions.  A brief description of demographic information and communication status at the time of our 
initial assessment is summarized in Table 1. 
All of the children were attending special programs for children with autism in a local school 
district and had educational diagnoses of autism. Each child had a confirmed diagnosis of autism, 
according to parent and school reports. Diagnoses were made by professionals not associated with the 
current research study, based on DSM IV criteria. Parents reported that their children were diagnosed by 
pediatricians when the children were between 1 and 5 years of age. Two children were diagnosed based 
on both the CARS and the Autism Diagnostic Observation Schedule (ADOS;  Lord, Rutter, DiLavore, & 
Risi, 1999) while 1 participant was diagnosed based only on the ADOS. Parents could not recall the 
instrument used to diagnose the remaining children. Participant 1 also had Down syndrome in addition to 
autism. Consensus clinical diagnoses such as this have been used to describe participants’ autism status in 
past studies (e.g., Gray, Tonge, & Sweeney, 2008; Smith, Barker, Seltzer, Abbeduto, & Greenberg, 2012; 
Thiemann-Bourque, Brady, & Fleming, 2011), however, we are unable to describe autism severity across 
participants because we didn’t apply a consistent autism measure to all participants. 
Our goal was to recruit participants who met the following criteria for minimal expressive 
vocabulary: less than 20 spoken words produced spontaneously according to (1) teacher report; (2) parent 
report and (3) a language sample collected during our assessment process. All of the participants met the 
criteria for teacher report and for productions recorded during our language sample. However, mothers of 
Participants 1 and 2 indicated on the Vineland Adaptive Behavior Scales (VABS-2) that their child was 





























































INVESTIGATING A MULTIMODAL INTERVENTION  11 
able to say 50 different words.  We included both of these children in the study because teachers indicated 
the children had vocabularies of less than 20 words, and no words were produced during a 30-minute 
language sample completed by our research staff.  Given that our research design was based on data from 
individual subjects, with each child acting as their own control, we were able to evaluate children’s 
progress relative to their own baselines without confounding results from other participants. 
Measures 
Assessment measures. The following measures were used to assess each child prior to baseline. 
Vineland Adaptive Behavior Scale-Second Edition (VABS-2) (Sparrow et al., 2005). We chose to 
use adaptive behavior instead of a measure of nonverbal cognitive development because we were unable 
to identify a standardized assessment that was appropriate for the ages and behaviors of our participants 
(see Kasari, et al., 2013, for a discussion of testing difficulties).The VABS-2 is a measure of adaptive 
behavior for birth through age 90.  It is completed through caregiver and/or teacher interview, covering 
four broad domains including communication, daily living skills, socialization, and motor skills.  The 
Vineland also includes a maladaptive behavior domain that assesses problem behavior. Each subdomain 
and maladaptive behavior raw score has a v-scale score that corresponds to a standard score. Within the 
communication subdomain, questions are directed to assess development of receptive, expressive, and 
written language skills. The maladaptive behavior index assesses the presence of internalizing and 
externalizing behaviors. The VABS-2 was normed on a national sample of 3,695 individuals and 
represents population demographics (i.e., gender, ethnicity, region, and SES) matching the 2001 U.S. 
Census.  The normative sample also included a representative number of individuals with disabilities, 
including relevant groups of individuals with speech-language impairments and intellectual disabilities. 
Reported test-retest reliability and content validity measures are high. 
Peabody Picture Vocabulary Test-4. The Peabody Picture Vocabulary Test, Fourth Edition 
(PPVT-4) (Dunn & Dunn, 2007) was administered to all participants as a measure of single word 
vocabulary comprehension.  The PPVT-4 norms are based on a representative sample of 3,540 people 
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aged 2 years 6 months through 90 years and older and matching the U.S. Census for gender, ethnicity, 
region, and SES. Test-retest reliability coefficients and content validity measures for the PPVT-4 are 
high. Additionally, the demographic characteristics of the PPVT-4 special-population sample included 
relevant groups of children with identified language delays and intellectual disabilities. The PPVT-4 is 
administered by presenting test plates with 4 pictures on a grid. The individual being tested is asked to 
point to, or otherwise indicate, the picture that corresponds to one of the pictures, named by the tester. 
Communication Complexity Scale (CCS). The CCS is a scale describing levels of early 
communication development (Brady et al., 2012). Each child participated in a scripted assessment 
protocol consisting of 12 opportunities to initiate communication acts. Responses to each of the 12 
opportunities were assigned a scaled score between 0 and 11 with 1 representing alerting behavior and 11 
representing a multi-word utterance. Scores between 0 and 6 are pre-intentional; 7-9 are intentional but 
nonsymbolic and 10 -11 are symbolic. For each child, the scores of the three opportunities with the 
highest scores were then averaged to obtain the CCS scores reported in Table 1. Procedures for 
administering and scoring the CCS are provided in Brady et al. (2012). 
Imitation. Imitation was assessed with an instrument developed by Rogers and colleagues 
(Rogers et al., 2003). This screening instrument contains 8 motor imitation tasks (e.g., clap hands) and 8 
vocal/verbal items (e.g., say /ba/). Responses to the vocal/verbal items are presented in Table 1 because 
these responses are most closely related to our word-learning outcomes and because all of the children 
were able to imitate the motor imitation tasks. 
Dependent measures. The following measures served as the primary measures of word learning. 
 Expressive probes.  Pictures representing each target word were presented to the child, who was 
asked to name the picture, (e.g., “What’s this?). No prompts were provided during these probes. Each 
word was presented five different times for a total of 25 trials. The order of words was randomized by 
shuffling the pictures before each session.  A correct production was recorded if the child produced at 
least the initial consonant and vowel for a target word. For example, if the child said /mI/ when the 
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picture of mitt was displayed, this production was scored “correct.” Our rationale for this definition was 
that deleting the final consonant is a common error in early word production (Dollaghan, 1985) and we 
were more concerned with the participant’s attempts to correctly produce a target word, than their correct 
articulation of each sound in the word (c.f.,Storkel, 2001).  Research assistants were able to reliably 
determine if the word was correct or not based on this definition. 
Receptive probes. Computerized matching-to-sample procedures were used to assess receptive 
word learning prior to each intervention session.  Sessions were presented on a laptop computer, and 
contained 20 trials, four for each word. For each test trial, a spoken vocabulary word (digitized speech 
recorded with the Proloquo2go app on an iPad) (Sennott & Bowker, 2009) was presented along 
with  pictures on the touch-sensitive screen. Child 1 and 3 were provided with a three-choice array.  Child 
6 had a great deal of difficulty with the 3-choice array and we moved to a 2-choice array after 10 sessions. 
All the remaining children were presented with a 2-choice array. The spoken word was presented 
every 2 seconds until the child chose one of the pictures by touching it. The software automatically 
recorded the responses. No feedback was given as to the correctness of the response. The next trial began 
after a 1-second blank screen. The experimenter offered praise for participating in the task approximately 
once every 2 minutes on a random schedule. 
Procedures 
Speech sound identification. The multimodal intervention described below targeted vocabulary 
selected for each child, based on their extant repertoire of speech sounds. We used a digitized recording 
device (DLP; LENA™) to help us identify their speech sounds because participants could not participate 
in typical speech sound production assessment activities, such as a standardized articulation test.  Using 
the DLP, we obtained a recording of 12 hours of spontaneous vocalizations, across 2 days. The recorder 
weighs approximately 2.5 ounces and fits into the front pocket of children’s clothing specially designed to 
hold the device. It records the child’s vocalizations and adult talk near the child within an approximate 6-
10 foot radius (Thiemann-Bourque, Warren, & Brady, 2010). Participants received a recording packet at 





























































INVESTIGATING A MULTIMODAL INTERVENTION  14 
least one day prior to each scheduled recording date. The recording packet contained the DLP, clothing 
adapted with a pocket for the DLP, and instructional documents. Parents were instructed to turn on the 
DLP when the child woke up in the morning, insert it into the pocket of the clothing, and dress the child. 
Thereafter, they were to go about their normal daily activities. During the recording day, the recorder 
stayed on the child at all times except during baths and sleep periods. If the recorder was not on the child, 
parents were instructed to place it nearby within 6-feet and continue to record. Parents were asked not to 
turn off the recorder, but to leave it running continuously until the end of the day, at which time it would 
shut off automatically. The DLPs were picked up by a research assistant and brought to our research lab. 
Audio recording data from the DLP were then uploaded to a computer and automatically 
processed using LENA software. The acoustical analysis software separates speech-related sounds from 
environmental sounds, and segments are identified as adult male, adult female, or child. Using the client 
manager software, child vocalizations were selected. LENA allows the acoustic information to be binned 
in specified amounts of time. We chose 5-minute increments and then selected the 10, 5- minute intervals 
with the highest rates of vocalizations recorded over the 12 hours. Next, a trained graduate student 
listened to these identified segments and transcribed each sound produced. Because the children were, for 
the most part, nonverbal, these vocalizations most often occurred during non-speech babbling 
productions. Thus, the DLP and LENA software increased our efficiency by facilitating our identification 
of periods of high frequency vocalizations that were later transcribed. The total number of different 
consonants transcribed for each child is listed in Table 1. 
Target word selection.  A set of target words was identified for each child using an existing set 
of consonant vowel consonant real words (Storkel, 2013).  This existing corpus contained 1,396 real word 
CVCs. In the corpus, a real word was any CVC that appeared in an adult or a child corpus. For the current 
study, we pruned these 1,396 real words to only those that appeared in both the adult and child corpora, 
yielding a pool of 720 real words. Storkel (2013) provides measures of phonotactic probability and 
neighborhood density for each real word based on a child corpora. Words with high probability and high 





























































INVESTIGATING A MULTIMODAL INTERVENTION  15 
density sequences appear to be learned more rapidly than low probability and low density sequences, 
potentially facilitating word learning for the participants in the current study. Thus, these high probability 
and high-density words were targeted for treatment in the current study. 
Phonotactic probability refers to the likelihood of occurrence of a sound sequence and can be 
represented by two measures: positional segment sum and biphone sum. Positional segment sum is the 
sum of the positional segment frequencies for each of the three sounds in the CVC. Positional segment 
frequency is computed by summing the log frequency of all the words in the corpus containing the target 
sound in the target word position and dividing by the sum of the log frequency of all the words in the 
corpus containing any sound in the target word position. Biphone sum is computed in the same way 
except that the focus is on an adjacent pair of sounds (i.e., CV or VC) rather than an individual sound. 
Neighborhood density refers to the number of words in the corpus that differ from a given word by a 
single sound substitution, deletion, or addition in any word position. For the 720 real words remaining in 
the pool, the two measures of phonotactic probability and one measure of neighborhood density were 
converted to a z score based on the mean and standard deviation of the items in the pool. Items that had 
negative z scores for any of the measures were removed from the pool. The remaining pool of potential 
targets consisted of 182 real word CVCs with high probability and high density. 
For each individual child, the pool of 182 high probability and high density real words was 
further reduced based on the child’s individual speech sound repertoire. That is, words in the pool that 
contained sounds that were not in the child’s phonetic repertoire were removed from the pool for that 
specific child. Thus, the remaining pool for each child contained high probability and high density real 
words composed of sounds that the child produced as part of his/her phonetic repertoire. Thirty target 
words were identified for each child. The thirty selected words were then placed into six sets of five 
words each. Words were assigned to sets to provide a mixture of low and high frequency words (Storkel 
& Hoover, 2010) to ensure that there would be a range of items for each child to learn (e.g., words they 
may have heard before as well as words that they had never encountered). In addition, an attempt was 
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made to create sets that were phonologically diverse with few words in the set sharing the same initial, 
medial, or final sound. 
Sets were then randomly assigned to a treatment order. In terms of the number of sets actually 
treated, 4 children received treatment on 4 word sets; 2 children received treatment on 3 word sets; 3 
children received treatment on 2 word sets and one child received treatment on only 1 set. This yields 145 
treated words across children and sets, although note that some treated words were repeated across 
children. The appendix shows the treated word sets for each child. Characteristics of the treated words 
(i.e., word frequency, positional segment sum, biphone sum, and number of neighbors) was submitted to a 
10 Participant x 4 Set ANOVA. Results showed no significant difference in word characteristics across 
participants, sets, or the interaction of participant and set, all F < 1.50, all p > 0.20, all ηp
2
 < 0.04. Across
all participants and sets, the mean log frequency was 2.82 (SD = 0.86, range 1.00-4.69); the mean 
segment sum was 0.21 (SD = 0.03, range 0.17-0.29); the mean biphone sum was 0.013 (SD = 0.004, range 
0.009-0.023); the mean number of neighbors was 20 (SD = 4, range 14-34). 
Story creation. Once the set of words was identified for a child, a “story” that could be 
represented in a book and interactive routine was constructed. For example, based on the words: mitt, cap, 
bud, ten, and pin, a story was created about a game between two buds, where each child wore a special 
cap and a mitt, and after the buds scored a ten they earned a special pin. 
A picture book depicting the story was created. Each target word was presented in the story 5 
different times. Story books were illustrated with clip art and printed words were presented along the 
bottom of each page. Up to three short sentences appeared on each page. Symbols representing each 
target word were presented on an iPad equipped with Proloquo2go ™ software. The iPad was made 
available during an interactive teaching routine, described below under Intervention. 
Research Design. 
In order to determine if participants showed gains in targeted spoken word productions, a 
multiple probe-across-word-sets design was used (Byiers, Reichle, & Symons, 2012; Kazdin, 1982). Six 
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word sets (each set consisting of five real words) were identified for each child based on their phonetic 
repertoire and word characteristics (described above). Word sets were taught one at a time. Expressive 
probes for words in the set currently being taught were administered immediately prior to (i.e., on the 
same day as) each intervention session. These probes constituted the main outcome measure. In addition, 
probes for the next set to be taught were presented prior to initiating instruction on that set. Decisions 
regarding changes in experimental conditions were based on the results of these probes. Once a stable 
baseline was established for set 1, intervention began on set 1.  A baseline was considered stable if at least 
two successive data points showed consistent (flat) performance, or if the performance declined. 
However, this rule for stable baselines was violated three times during the study due to experimenter 
error.  Participant 1 only had 1 day of baseline for the first word set, and a rising baseline before the 
introduction of Set 2. Child 2 also showed a small increase immediately before intervention was 
introduced on Set 2. 
The pass criterion for a word set was > 70% correct word approximations over three consecutive 
expressive probes. When students met this criterion, and also demonstrated a stable baseline on 
production probes for the next word set, instruction began on the next word set. If a child did not reach 
criterion after 14 or more intervention sessions for a word set, intervention was discontinued for that 
set. The baseline-treatment sequence was completed for 4 sets for Child 1, 2, 3, and 4. Due to lack of 
progress and time constraints, teaching was discontinued after 3 completed sets for Children 6 and 8, and 
2 sets for Children 7 and 9, and 1 set for Child 10.  Child 5 moved during the study, and had only two 
sets. 
In addition, beginning with Child 2, we included maintenance probes for previously learned 
words and periodic probes of words that were never targeted for intervention (“control words”). 
Maintenance probes were identical to expressive word probes and were administered between 2 and 40 
sessions following the final instruction session for a successfully learned word set. The purpose of control 
words was to provide additional evidence that increases in word learning were specific to the words 





























































INVESTIGATING A MULTIMODAL INTERVENTION  18 
targeted in intervention. Control words were selected for each child, in the same way as taught words, 
such that there were no differences in the word characteristics (i.e. phonotactic probability or 
neighborhood density) for control vs. taught words. Control words were probed in sets of five, in a 
manner identical to the expressive probes. 
Multi-Modal Intervention Sessions. 
Following the Receptive and Expressive probes (described above under Measures), participants 
received the multimodal intervention for the word set they were currently learning. Multimodal refers to 
combined use of speech and a speech generating device during intervention. All components of the 
intervention were provided in the order listed below, within each intervention session. 
Speech sound practice. Although children produced target phonemes during their babbling 
recorded with the digitized recording device, we wanted to provide additional practice for the sounds in 
the target words immediately prior to opportunities to use the target vocabulary during joint book reading 
and the interactive routine.  Our theory was that this additional practice might increase the likelihood of 
correct productions during these activities and facilitate word learning.  For example, for the word set 
mitt, cap, bud, ten and pin, children practiced the sounds /m/, /k/, /t/, /p/, and /n/.  The interventionist, a 
speech-language pathologist, provided models, physical prompts and corrective feedback to assist in 
sound production. Each sound was practiced 5 times. Positive feedback (e.g., “good job”) was provided 
for correct sound approximations. 
Joint book reading. The interventionist first read the story book that was created for the 
individualized set of words, emphasizing the target words and pointing to corresponding pictures. Next, 
she read the book with pauses before each target word (i.e, a cloze procedure as in Petersen, Gillam, 
Spencer, & Gillam, 2010). For example, one story begins with, “Bob and Joe are best buds!” On the 
second reading, the interventionist said, “Bob and Joe are best _____” and waited up to 5 seconds for the 
child to fill in the blank. If the child correctly filled in the blank the interventionist provided verbal praise 





























































INVESTIGATING A MULTIMODAL INTERVENTION  19 
and moved on to the next sentence in the story. If the child said a wrong word or didn’t say any word, the 
interventionist provided the correct response and moved on to the next sentence in the story. 
Interactive routines with iPad. Teaching routines  followed a predicable structure with a script 
for each step in the routine (Kashinath et al., 2006; Snyder-McLean, Solomonson, McLean, & Sack, 
1984). Routines also provided opportunities for children to produce target words at least 5 different times. 
In accordance with the script, the interventionist would first model selecting a target symbol on the iPad 
equipped with Proloquo2go software. The arrays contained the five target words. After the child 
participated in the routine several times, the interventionist began pausing before modeling the response 
in order to allow the child an opportunity to initiate the symbol selection. If the child did not select the 
symbol after 5 seconds, the interventionist selected it.  Each symbol selection was associated with a 
tangible consequence that also led to the next step in the routine. For example, in a routine about a special 
game between buds, children needed to request the cap that was worn to play the game. The 
interventionist and child would walk to the shelf where the caps were located and say “Before we play the 
game we need to wear our _____.” After the child (or interventionist) selected the cap symbol and/or said 
“cap”, the child and interventionist put on their caps and went to the location where the game was played. 
Receptive matching trials. At the end of each session, additional practice in associating the 
spoken word with the symbol was provided with another set of receptive matching trials on the laptop 
computer. These trials were identical to the receptive probe trials described above with the following 
exception—correct responses received a visual and auditory consequence on the computer and verbal 
praise by the interventionist. 
Reliability. 
A second observer (a trained undergraduate student) was present for 22% of the baseline and 
intervention sessions (111 of 500, distributed across participants) to gather inter-observer agreement data 
for the dependent and independent variables.  The second observer recorded responses (correct or 
incorrect) to the expressive probes. The second observer also recorded responses to the speech sound 





























































INVESTIGATING A MULTIMODAL INTERVENTION  20 
practice trials.  Percent agreement was calculated as the number of agreements / agreements plus 
disagreements x 100.  The percent agreement scores were very high for these variables—97% for the 
expressive probes and 97% for speech-sound practice. Receptive probe data were recorded directly from 
the computer and we did not perform reliability checks with the computer. 
Procedural reliability for the independent variable was determined by asking the second observer 
to record whether or not the following intervention components were provided during intervention: 1) did 
the interventionist pause 5 seconds before each opportunity for an initiated symbol selection during joint 
book reading and interactive routines? 2) Did the interventionist model the correct response the 
designated number of times within joint book reading and the interactive routine? The percentage of 
teaching opportunities for which the interventionist included these components was high -- 99% for 
pauses, and 87% for modeling. 
Results 
Results will be presented according to our primary purposes:  To determine if participants showed 
gains in (1) spoken word production and  (2) receptive word learning, and (3) to compare profiles of 
children who responded favorably to those who did not respond as favorably to the intervention. The 
following section presents results pertaining to word learning outcomes. 
Expressive Word Production 
Results from the expressive word learning probes are presented in Figures 1-10. Each data point 
reflects the percent correct out of 25 expressive word production probe trials, collapsed across all 5 words 
in a set. Child 1 was the first child that participated. It is clear from Figure 1 that correct expressive word 
productions increased as each new set was introduced to Child 1. Unfortunately, only one baseline session 
was presented for the first word set and only two baseline sessions were presented for set 4. However, 
despite these limitations the pattern of responding is strong and consistent.  Similarly, the data for child 2, 
3 and 4 show increases across 4 different word sets. We were only able to complete two word sets for 
Child 5 due to time constraints, but the graph for child 5 shows increased production for both word sets 
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compared to baseline. In addition, data from the control words showed that the gains recorded for 
Participants 1-5 were specific to the words targeted during intervention. Maintenance probes showed that 
word productions maintained at levels similar to those of the final intervention sessions. 
Child 6’s data is shown in Figure 6. Although child 6 did not meet criterion for any of the word 
sets, he did show substantial progress over baseline production levels for each of three different word sets. 
Child 7 learned to say 1/5 words in each of 2 sets. Child 8 increased word production in set 1, although he 
did not meet criterion. Child 9 and child 10 showed essentially no progress, and hence we discontinued 
intervention after 2 sets for child 9 and 1 set for child 10. 
In addition to the graphic data display, we measured each child’s changes from baseline to post 
treatment. We calculated confidence intervals for the effect sizes (ds) based on the differences between 
the mean percent correct over the last three days of intervention compared to baseline means.  We used 
the method of Odgaard and Fowler (2010) to compute the noncentrality parameter for the upper and lower 
limits of the confidence interval based on dependent samples t-test values. These noncentrality parameters 
were then used to calculate the upper and lower effect size d for the confidence interval.  This effect size 
confidence interval, along with the number of different words produced at a criterion of at least 80% 
correct over the last three days of intervention and the total number of treatment sessions are presented in 
Table 2. Effect sizes reflected large to very large effects for participants 1-6. 
Receptive Word Learning. 
Although the focus of this study was on expressive word production, we also measured receptive 
word learning as recorded with the computerized matching software.  Words were considered “learned” 
on the receptive probes if children scored more than 80% correct over three consecutive sessions of the 
receptive matching probes. Table 3 shows changes for each child’s receptive word learning. For the most 
part, the receptive data were similar to the expressive word data. That is, Participants 1-5 showed positive 
gains and met receptive criteria for most words learned expressively but Participants 6-10 did not. 
Profiles of High and Low Responders. 
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Participants 1-5 responded to the intervention with significant increases in expressive production 
of targeted words. We refer to these children as “High Responders.” As shown in Tables 2 and 3, Effect 
sizes for the “High Responders” were large in the full range of the confidence interval for both receptive 
and expressive probe data with the exception of Child 5 whose receptive effect size included zero in the 
confidence interval.  Children in the Low Responders group did not meet expressive word learning 
criteria, although 3 children did show gains in producing some words. Effect size values in the Low 
Responders group contained zero or were small/moderate within the confidence interval.  Child 6 was an 
exception to this with large effect sizes contained in the full 95% confidence interval for expressive 
language. 
We reviewed the scores for each participant that were collected pre-baseline (see Table 1) to 
determine if there were differences in scores for children who were High vs. Low Responders to our 
intervention package. The children who responded best to our intervention (children 1-5) had higher 
scores on the PPVT-4, indicating better receptive vocabularies. In addition, they also had higher scores on 
the CCS with High Responders averaging 9.75 and Low Responders averaging 8.0, indicating more 
advanced prelinguistic communication in the high Responder group. This higher CCS score reflects more 
frequent use of communicative gestures and/or vocalizations during the scripted interaction. The overall 
imitation scores were not obviously different across children, a finding similar to Rogers and colleagues 
(2012). However, when we looked only at imitation for oral, vocal and verbal skills, we saw higher scores 
for the High-Responders with a mean of 7.6 while the Low Responders had a mean of 3.0. We also 
reviewed the number of different consonants recorded with the LENA recording system prior to 
intervention as a possible differentiating variable between high and low responders. The mean number of 
consonants was 14.0 for High Responders and 11.8 for Low Responders suggesting a possible 
relationship. Thus, high-responding children had relatively better scores on receptive vocabulary, 
prelinguistic communication, vocal/verbal imitation and consonant repertoires. However, these 
observations are merely suggestive due to small sample sizes. 
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Discussion 
Results of this pilot investigation indicated that children with limited expressive vocabularies 
learned to say new words with a multimodal intervention package that combined AAC and speech sound 
practice for individually determined sets of words. Maintenance and control probe data indicated that the 
responses maintained and were specific to the targeted vocabulary for the four children for whom these 
data were collected. Given that all the participants had limited expressive vocabularies at the start of 
intervention, and were between the ages of 6 and 11 years, the gains made by the 5 High Responders are 
impressive. Currently, the predominant clinical practice for children with this profile is to abandon efforts 
to increase speech production. Moreover, there is little in the research literature to contraindicate this 
practice. Our results indicate that an intervention that focuses on speech plus AAC can have positive 
outcomes on speech for school-age children with autism and limited expressive vocabularies. Given that 
this was a relatively short-term intervention, and the duration of intervention sessions was only 45 
minutes per day, these results are extremely promising. 
To our knowledge, this study was also the first reported attempt to apply principles of phonotactic 
probability and neighborhood density to a word learning intervention for children with intellectual 
disabilities and limited expressive vocabularies. The vocabulary targeted by this approach may have been 
easier to learn to produce than other vocabularies, because of these word-learning principles. The 
approach we used may facilitate initial word learning that can help build a foundation for later functional 
spoken vocabulary. 
Effect sizes for the high responders in our study were for the most part in the high to very high 
range and compared favorably to other interventions measuring gains in beginning word use by younger 
children with autism. For example, Rogers and colleagues reported a d of .84 for vocabulary 
comprehension and a d of .57 for vocabulary production for children who participated in their ESDM 
intervention. Kasari et al. (2014), reported effect sizes between .21 and .62 across different expressive 
communication measures for their group who experienced a combined JASPER and SGD treatment, 
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compared to a treatment group of only JASPER (without the SGD). Thus, our multimodal intervention 
that includes intensive speech sound practice does seem to be effective for at least some children past the 
preschool age range. The specific emphasis on speech sound production differs from most interventions 
that have been used with preschool age children (e.g. Dawson et al., 2010; Goods et al., 2013). It is not 
known if the additional speech sound practice was a key ingredient of the intervention because all of the 
children experienced this component (and all of the components). Future research is needed to examine 
how different components, including speech sound practice contribute to overall outcomes. 
Our results were not as positive for all participants, however. Five of the 10 participating children 
failed to meet our production criterion indicating that they failed to meet our learning criterion for any 
word sets (Low Responders). However, it is worth noting that three of these children did show increases 
in word productions over baseline levels, as indicated in Figures 6-8 and Table 2. Perhaps longer or more 
intense interventions would have improved responding by these three participants, and modifications such 
as these would be appropriate for clinical applications (outside of a research study). In addition, further 
analysis could focus on comparing the specific words that children learned to those they did not learn in 
an effort to identify commonalities in terms of the phonemes included and/or motivations associated with 
particular vocabulary. 
 Perhaps the most important aspect of the current study is that we provided results for both 
children who did and children who did not respond well to our intervention, along with data about some 
important characteristics that appeared associated with differential outcomes. This type of information is 
critical for designing future research studies, and ultimately for clinical decision making (Yoder & 
Compton, 2004). Children with autism or autism symptoms and minimal verbal repertoires present 
clinicians with various skill repertoires. One goal of intervention research is to identify relative strengths 
and weaknesses in areas that may facilitate learning with a particular intervention approach. 
We retrospectively compared High Responders’ and Low Responders’ initial skills in areas that 
have been linked to verbal outcomes (receptive language, prelinguistic communication, imitation, speech 
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sound production and adaptive behavior) because the focus of the current study was on spoken word 
productions. Our review of differences in entry-level skills of High vs Low responders suggested the 
intervention may be most helpful for children who have at least some measureable receptive vocabulary, 
frequent use of intentional communication acts, imitate vocal/verbal sounds and oral movements, and 
have larger consonant repertoires (note we did not count or compare the size of vowel repertoires in this 
study).  As discussed in the Introduction of this study, each of these skills has been linked to language 
learning outcomes and hence it is not surprising that they were also associated with different outcomes in 
our study. It is also noteworthy that Participants 1, 2, 3 and 5 had some correct responses (1-2 words) 
during baselines, which was not the case for Low Responders. Therefore some initial evidence of correct 
speech production appears to be predictive of early progress in a multimodal intervention. However, these 
observations are based on very small sample sizes and replication with larger samples who vary across 
these skills are needed to make more robust determinations of characteristics of High vs. low Responders. 
It may be useful to examine additional areas, such as play skills, that have been linked to communication 
outcomes in future studies. 
Identifying children who respond best to different types of interventions could help maximize 
positive outcomes by selecting appropriate targets based on individual needs and entry behaviors. For 
example, in the current study, children who we ultimately described as Low Responders to our 
intervention package may have made more communication gains in an intervention that emphasized AAC 
along with prelinguistic social communication, without specific focus on speech sound production. In 
addition, it may prove beneficial to directly teach skills that are associated with better outcomes (e.g., 
receptive language, imitation) as part of a comprehensive communication intervention. However, speech 
gains made by our High Responding children provide evidence for continued speech-based interventions 
for some children with autism and limited expressive vocabularies. 
The current study used a single subject research design which allowed review of the effectiveness 
across each child and evaluation of how individual skill sets related to different outcomes. This was very 
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important because, if all the children’s data had been combined, as in a between-groups design, the 
differences in relative effectiveness across children would have been obscured. Future research that 
further delineates characteristics of responders will increase the generality to participants who are similar 
in terms of the dimensions associated with positive outcomes. However, as in all single subject design 
studies, the outcomes are only generalizable to participants of a given study or individuals highly similar 
to those participants. The detailed information about individual skills provides a basis for comparison that 
clinicians may refer to when evaluating the potential of a given intervention for use with their clients. 
Limitations to the current study. Children in our study were taught a very limited set of 
vocabulary in contrived teaching environments, without any focus on generalized use of targeted 
vocabulary across contexts. While this is a limitation in terms of evaluating the clinical effectiveness of 
intervention outcomes, we propose that our findings be viewed in terms of “proof of concept” for our 
unique multimodal intervention package (Smith et al., 2007).  Based on our results, further research is 
warranted that would include measures of generalization to functional communication targets, including 
generalized communication improvements to non-target vocabulary across communication modes. For 
experimental-control purposes, it was important in the current study to show that learning was limited to 
targeted vocabulary. A desirable outcome for future studies would be generalization to non-targeted 
words in addition to learning the words directly taught in intervention. 
Another area for future research is determining the value of individual components of the 
intervention package. For example, one novel approach we used was to select vocabulary based on both a 
child’s current speech sound repertoire and principles of phonotactic probability. This was based on our 
hypothesis that children would learn speech more readily under these conditions. However, we did not 
directly test this hypothesis and future investigations may want to compare word learning using different 
criteria for initial vocabulary selection. In the current study we only measured speech sound productions 
during baseline, and future investigations may also re-measure speech sound productions after 
intervention to determine if there is a change in this variable. 
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The lack of a consistent autism measure was another limitation to the current study. We relied on 
diagnoses performed by outside agencies using a variety of instruments. Therefore, we were not able to 
quantify the severity of autism in our participants. In future research it will be important to administer an 
assessment that could reflect autism severity across all participants, in order to determine the possible role 
of severity in predicting differential outcomes. Finally, the experimenter errors described under the 
methods section were limitations in the current study. Specifically, experimenter error resulted in baseline 
errors for one word set each for Child 1 and Child 2. 
Conclusions. Results from this pilot investigation indicate that our multimodal intervention leads 
to increased spoken word productions for some school-age children with minimal verbal skills who attend 
educational programs for children with autism. Future studies are needed to more accurately describe the 
variables that are associated with positive outcomes, target use in naturalistic contexts and determine the 
relative contributions of different intervention components. Ultimately, results from this line of research 
may lead to increased emphasis on speech intervention in addition to AAC instruction for school-age 
children with autism and minimal verbal skills. Such a combined approach would seem optimal for 
promoting effective communication with the widest possible set of communication partners and across 
multiple environments. 
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Table 1. 
Participant Information for High and Low Responders 
Child Age Consonants VABS-C VABS-M PPVT-4 CCS Imitation-V 
High Responders 
1 8;9 12 30 (28) 25 23 (24) – 8 
2 9;8 14 28 (26) 18 24 (20) 10 8 
3 7;7 15 14 (28) 20 13 (25) 10 6 
4 8;2 16 19 (28) 30 17 (24) 8.67 8 
5 6;5 13 – – 13 (27) 10.33 8 
Low Responders 
6 10;11 15 21 (<20) 37 20 (20) 10 2 
7 8;2 12 27 (31) 18 7 (20) 8 6 
8 7;4 11 24 (33) 35 6 (20) 6.33 5 
9 8;11 10 21 (26) 33 3 (20) 7.67 0 
10 6;5 11 22 (37) 32 4 (20) 8 2 
Note.  VABS-C = Vineland Adaptive Behavior Scales Communication Domain; VABS-M = 
Vineland Adaptive Behavior Scales Maladaptive Behavior Index- high scores indicate increased 
maladaptive behaviors; PPVT-4 = Peabody Picture Vocabulary Test–4; CCS = Complexity of 
Communication Scale; Imitation-V = imitation of vocal/verbal/oral tasks. Age is age at start of 
data collection.  Raw scores are reported; standard scores are presented in parentheses.  CCS 
scores are based on a scale of 1-11 with 11 being highest.  Imitation-V scores are number correct 
out of 8 from Early Steps Imitative Sequences Assessment. Child 4 is female. 
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Table 2. 




















1 15/20 36 3.06 52.75 2.50 - 5.96 
2 17/20 62 12.83 73.25 4.03 - 7.88 
3 14/20 63 3.47 65.50 1.81 – 4.80 
4 17/20 55 1.08 79.92 3.88 - 9.49 
5 7/10 18 29.57 77.67 1.28 - 5.58 
Low Responders 
6 4/15 66 0.00 30.67 2.32 – 7.30 
7 1/10 29 0.00 10.33 .33 – 3.57 
8 3/15 60 0.00 17.00 .52– 2.97 
9 0/10 31 0.00 0.00 - 
10 0/5 15 0.00 0.00 - 
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Table 3. 
Summary of Receptive Probe data. 



















1 15/20 39 38.71 76.00 1.26 – 3.26 
2 20/20 62 59.00 94.42 2.40 – 5.13 
3 20/20 62 40.68 88.83 2.46 – 4.94 
4 18/20 54 58.57 90.50 1.26 – 3.27 
5 10/10 17 57.14 64.67 -.26 – 2.70 
Low responders 
6 4/15 66 38.60 54.89 .09 – 2.03 
7 3/10 29 58.14 41.17 -2.84 - -.29 
8 3/15 60 56.36 52.89 -1.25 - .53 
9 0/10 31 50.00 56.50 -.52 – 1.82 
10 0/5 11 55.67 46.67 -2.47 - .91 
Note:  Children 1 and 3 had a three-choice array; Child 6 had three choices in baseline for the first set, 
and a three-choice array thereafter; the remaining children had a two-choice array throughout the study. 
1
Words learned indicates the number of words meeting the 80% correct criterion on receptive probes. 
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Figure 1. Multiple baselines across word sets for Child 1.  Phase line 
indicates the beginning of intervention for the word set. 
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Figure 2. Multiple baselines across word sets for Child 2.  Phase line 
indicates the beginning of intervention for the word set. 
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Figure 3. Multiple baselines across word sets for Child 3.  Phase line 
indicates the beginning of intervention for the word set. 
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Figure 4. Multiple baselines across word sets for Child 4.  Phase line 
indicates the beginning of intervention for the word set. 
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Figure 5. Multiple baselines across word sets for Child 5.  Phase line 
indicates the beginning of intervention for the word set. 
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Figure 6. Multiple baselines across word sets for Child 6.  Phase line 
indicates the beginning of intervention for the word set. 
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Figure 7. Multiple baselines across word sets for Child 7.  Phase line 
indicates the beginning of intervention for the word set. 
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Figure 8. Multiple baselines across word sets for Child 8.  Phase line 
indicates the beginning of intervention for the word set. 
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Figure 9. Multiple baselines across word sets for Child 9.  Phase line 
indicates the beginning of intervention for the word set. 
Figure 10. Multiple baselines across word sets for Child 10.  Phase line 
indicates the beginning of intervention for the word set. 
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Appendix A. Word lists for each participant 
Child 1 
Set 1: mitt, cap, bud, ten, pin 
Set 2: pot, men, beat, pick, ton 
Set 3: dead, pen, buck, met, bit 
Set 4: hot, kick, mitt, tan, hid 
Child 2 
Set 1: bag, head, mane, tick, sit 
Set 2: bud, wet, dock, sing, fin 
Set 3: hot, bun, kick, pad, seat 
Set 4: ham, pine, mad, sick, cot 
Child 3 
Set 1: bat, head, mane, tick, sing 
Set 2: bun, mad, seat, wine, kick 
Set 3: win, dad, king, met, coke 
Set 4: bud, wet, cat, dock, tan 
Child 4 
Set 1: coke, win, dad, bus, met 
Set 2: hole, bun, kick, pad, seat 
Set 3: pal, wet, dock, sing, fun 
Set 4: bag, head, mane, sit, tick 
Child 5 
Set 1: bag, head, mane, tick, sit 
Set 2: pal, wet, dock, sing, fun 
Child 6 
Set 1: bat, done, head, tick, mane 
Set 2: buck, kit, had, ten, man 
Set 3: back, wet, coat, dot, tin 
Child 7 
Set 1: pan, mitt, bud, sing, nine 
Set 2: bang, dad, sun, met. Pass 
Child 8 
Set1: pen, dad, king, met, coke 
Set 2: bat, fun, tick, mane, said 
Set 3: pass, sing, tin, coat, fan  
Child 9 
Set 1: bag, done, mane, gnat, head 
Set 2: hot, mitt, bang, dad, win 
Child 10 
Set 1: bang, dad, cop, pick, win 
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